A microelectrophoretic technique was used to study the behaviour of a number of different pox virus preparations from chick embryos. The viruses were suspended in buffered media made molar to sucrose to reduce Brownian movement. The mobility/pH curves obtained were consistent with the view that in allpreparations the virus surface was protein or lipo-protein. Cowpox, vaccinia and neurovaccinia viruses gave similar results with an iso-electric point close to 4. The white variant of cowpox virus differed from the parent strain with an iso-electric point at approx. 2.8. Rabbit pox virus had the lowest iso-electric point at approx. 2"3. Variola, alastrim and monkey pox viruses all had iso-electric points of approx. 3"4 but at greater pH than this monkey pox showed somewhat higher mobility than the other two viruses.
INTRODUCTION
described a method by which measurements could be made of the electrophorefic mobility of individual poxvirus particles suspended in molar sucrose. They showed that purified suspensions of cowpox virus were electrophoretically homogeneous and gave reproducible plots of mobility against pH. Results were independent of the host tissue chosen for virus growth and the method of purification used. Similar results were obtained with vaccinia virus, except that despite repeated purification some heterogenicity persisted in vaccinia virus grown on chick chorioallantois (CAM). Moreover results obtained with vaccinia virus derived from CAM and from rabbit dermis did not agree with each other as closely as did comparable preparations of cowpox virus. Nevertheless the results obtained were sufficiently interesting to warrant electrophoretic examination of purified suspensions of other members of the poxvirus group. For this comparative study viruses were grown in CAM as host tissue so that smallpox and alastrim virus could be included. We report the results of this investigation here.
METHODS
Viruses. The virus strains tested are given in Table i . Where possible International reference strains were used (Fenner & Burnet, I957) . All viruses were grown in CAM and harvested at 2 or 3 days as appropriate.
Virus purification. Crude virus was recovered from extracts of infected CAM by differential centrifugation and purified by trichlorotrifluorethane (Arcton 113, I.C.I. Ltd.) (Epstein, 1958) or by centrifugation in a sugar density gradient (Zwartouw, Westwood & Appleyard, 1962) . Full details are given by Douglas et al. (1966) . Each virus was purified until a constant mean mobility value and standard deviation was achieved for particles at pH 7"o.
Micro-electrophoretic technique. The preparation of buffers and virus suspensions for electrophoresis, the measurement of particle velocities and electrical measurements were described by Douglas et al. (I966) . The micro-electrophoresis cell and The mean mobility against pH behaviour for cowpox treated with p-toluene sulphonyl chloride is shown also (A).
optics were the same as described previously except that a quartz-iodine lamp was used as light source. This gave light intensities up to eight times the intensity given by the ribbon-filament lamp used originally and considerably facilitated the observation of virus particles. deviation (SD) about the mean was calculated for the individual particle mobilities of each preparation. Included in the Table are values of the isoelectric point of each virus as calculated from the mobility/pH curves given in Fig. I, 3 and 4. The so values recorded (Table I) were similar one to another and to the so values obtained for the preparations studied by Douglas et aL (I966) . Values for electrophoretic mobility at pH 7"0 were similar for each virus. However values diverged at other pHs and some gave significantly different iso-electric points.
The mobility of cowpox virus changed in magnitude and sign more rapidly with decreasing pH than the mobility of its white variant (Fig. 0 . The mobility/pH curve of cowpox virus was considerably modified by treatment of virus with p-toluene sulphonyl chloride, using conditions described by Cohen (1945) . The significance of this observation is considered later. The difference in ionogenic surface between cowpox virus and its white variant indicated by the mobility]pH results was reinforced by the contrasting change in mobility with ionic strength, at fixed pH (Fig. 2) .
When vaccinia, neurovaccinia and rabbitpox viruses were compared only the last virus was differentiated (Fig. 3) , its mobility/pH curve approximating to that of the white variant of cowpox given in Fig. I .
Smallpox and alastrim viruses could not be differentiated; but monkey pox virus differed from the other viruses in its somewhat greater mobility at higher pH values (Fig. 4) .
The mobility values at pH 8 and 9 shown in Fig. I , 3 and 4 were measured as soon as possible after suspension of the virus in the buffer. This was done because of the known instability of poxvirus in alkaline buffer media (Table 2 ). In this experiment vaccinia virus was suspended in medium buffered at pH 8.o, ionic strength o'o5 and molar to sucrose at 37 ° . The elevated temperature was used to enhance the effect. The initial mean mobility of -o-4I # sec. -1 v -1 cm. -~ increased after 3 hr to -0.72/z sec. -~ v -1 cm. -1. The virus was then recovered by centrifugation, resuspended in medium buffered at pH 7"0, # = 0"5 and molar to sucrose, and its electrophoretic mobility redetermined. A mean mobility value of -0-63# sec. -~ v -1 cm. -1 was obtained with SD = +O'II, compared with a mean mobility value at pH 7"0, of -0"42 # sec. -1 v -~ cm. -a (SD = + 0"O6) obtained for a sample of the same virus preparation not exposed to alkaline conditions.
DISCUSSION
The mobility/pH curves of the several viruses studied were similar in shape although differences were noted in slope and iso-electric point. The results are consistent with the view that the surfaces of all these viruses consist of amphoteric protein or lipoprotein. In the particular case of cowpox, evidence for the presence of positively charged amino groups is afforded by the effect of p-toluene sulphonyl chloride. This, by substitution, eliminates NHa + (Cohen, 1945) and the mobility/pH curve for treated virus shown in Fig. I suggests that this occurred. The treated particles had an acidic surface and this is consistent with the presence of carboxyl groups (Douglas, I959) .
Differences in virus mobility, and especially in iso-electric point, must indicate differences in specific surface material. This may account in part for different host ranges and other biological properties. However viruses not so differentiated by the present limited measurements cannot be said to possess identical surface materials and the different host ranges of the (apparently similar) viruses studied may be determined by surface differences too subtle for detection even by extended studies on chemically modified virus preparations.
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